Insects such as Acheta domesticus account for over half of marsh fish and migratory bird diet. Therefore, insects are very important to marsh and island ecosy stems and are susceptible to oil contamination, but little research has been done to study the effects of oil spills on cricket populations. The purpose of this experiment was to determine the effects of an oil spill event on Acheta domesticus mortality and hatch rate to establish environmental sustainability.
Introduction
Arthropods play a crucial role in the environment contributing 20% -60% of the diet of estuarine fish and a large part of the migratory bird diet. In addition, insects like crickets (Ancheta domesticus) are useful bioindicators. Although an ecosystem can appear healthy, the lack of arthropods in an area can reveal that there is oil in the sediment. Often oil can remain in the sediment of marshlands for years following an oil spill event because marshes can be anoxic and low-energy. Therefore, it takes longer for oil-degrading bacteria to decompose the oil. An anoxic environment is one that is lacking oxygen, and a low-energy environment is one that has still water that does not bring in new nutrient rich sediment [1] .
In the past decade, mineral revenues make up an average of 10% -15% of Louisiana's total revenue. The state is in an economic deficit partly because the oil prices have dropped. According to the US Energy Information Administration [2], "Louisiana's 18 oil refineries account for nearly one-fifth of the nation's crude oil-refining capacity." Although these statistics exemplify the importance of the oil industry to the state and the nation, the large petroleum, chemical, and natural gas industries in Louisiana cause the state to be one of the highest energy consumers in the US. Many living organisms die when oil spills occur, which is more often than most realize since many go unreported. In addition, there are natural oil seeps not caused by humans that can cause harm to insects and other wildlife.
Oil can kill crickets either from anoxia, from oil's lipophilic properties, or from volatiles released by oil. Lipophilic properties allow oil to dissolve lipids in the insect cuticle penetrating the nerves and the cytoplasm. Oil releases volatiles when it begins to degrade. These toxic gases are called BTEX, which stands for benzene, toluene, ethylbenzene, and xylene [3] . Crickets will most likely die from anoxia or oil's lipophilic properties when they are directly exposed or covered in oil, but crickets are most likely to die from BTEX when oil is in the sediment below them because the fumes released from BTEX are toxic for insects to assimilate. BTEX and other toxic chemicals such as chrysene and benzo(a)pyrene often resurface after storms cause coastal erosion re-exposing the ecosystem to contamination.
Although insects such as crickets have been found to be important to marsh ecosystems and affected by oil spills, they are relatively under researched in comparison to other organisms in these environments, so the scientist decided to study the effects of oil contamination on crickets at different stages of their life cycle. A cricket's life cycle is composed of three primary stages: egg, nymph, and adult. Crickets can hatch between 8 -25 days and are considered adults about six weeks after hatching [4] .
Methods

Sampling Methods
Four studies were initiated to determine the effect of the exposure of crude oil on crickets' survival at different stages of growth. The age groups included were eggs, younger nymphs (two-week-old), older nymphs (four-week-old), and adults (six-week-old). In the study on cricket eggs, hatch rate was recorded daily.
In the two nymph studies and the adult study, mortality was recorded daily. Oil exposure treatments were as follows: 0%, 5%, 10% v/v. There were five replications of each treatment group in each study.
Fifteen thousand cricket eggs donated by Ovipost and 3000 crickets (1000 adults, 1000 nymphs, and 1000 hatchlings) purchased by Fluker's Farms in Port Allen, Louisiana. Fluker's cricket quencher, Fluker's cricket food, peat moss, sand, and magnetic thermometer were utilized to raise crickets during the test.
Optimum temperature ranges from 80˚F -95˚F. BP crude oil from a Gulf of Mexico rig was used-acquired through Louisiana State University Department of Environmental Sciences.
To remove dead crickets daily, the scientists used protective gear such as gloves, a face mask, goggles, long pants, and sleeves to prevent crude oil exposure. The crickets were placed on a sheet of paper outside of their container to be counted on the plain background.
All research was completed in Baton Rouge, Louisiana during July and August 2018.
Data Analyses
The scientist recorded the percentage of daily hatch rate in the egg study and compared the treatment groups. In addition, the mortality of the adult and two nymphs groups were recorded daily. The scientist then performed an analysis of Computational Water, Energy, and Environmental Engineering covariance on the adult and nymph data. The adult survivability fit a regression on an exponential model, but the two nymph studies fit best with a regression on a linear model. The estimation method used was restricted maximum likelihood (REML) ( Table 1 ).
In addition, the scientist ran the sediment used as a substrate in the studies through a gas chromatography mass spectrometer to find if BTEX volatile organic compounds-benzene, toluene, ethylbenzene, and xylene-would be present. Sediment from all three treatment groups were tested.
Results
Egg Acheta domesticus
The control group that was placed in unoiled sediment with 0% contamination surpassed 20% hatch rate only four days after the first hatchling was spotted. In contrast, the hatch rate of cricket eggs planted in oiled sediment did not exceed 5% of the total amount planted ( Figure 1 ).
Two-Week-Old Acheta domesticus
The two-week-old nymphs' survivability fit a linear model. The control-0% oil contamination-group approaches zero at a much slower rate than the oiled groups. It would take about fourteen days for the 10% oil group to approach zero and about twenty days for the 5% oil group. Meanwhile, the control still had not approached zero after twenty days. The error bars suggest that in the first three days of the experiment the three treatment groups were statistically similar to each other. Some error bars may be hidden by the data point ( Figure 2 ). Since the Pr value was less than 0.05, all treatments are statistically significant for this group (Table 2) .
Four-Week-Old Acheta domesticus
The four-week-old nymphs' survivability also fit a linear model. The control-0% oil contamination-group approaches zero at a much slower rate than the oiled groups. The 10% oil group would approach zero before a duration of ten days, the 5% oil group would approach zero before a duration of fifteen days, and the 0% oil group would approach zero before a duration of twenty days. The error bars suggest that the 0% and the 5% contaminated groups were statistically similar to each other for the first five days and similar to the 10% in the first three days. Some error bars may be hidden by the data point (Figure 3 ). Since the Pr value was less than 0.05, all treatments are statistically significant for this group (Table 3 ). 
Six-Week-Old Acheta domesticus
The adult crickets' survivability fit an exponential model. Again, the control-0% oil contamination-group approaches zero at a much slower rate than the oiled groups. Both the 5% and 10% treatment groups approached zero after only three days. Whereas the control group did not approach zero by day five.
As shown by the error bars, the contaminated groups lacked any statistical similarity beyond the first day. Some error bars may be hidden by the data point ( Figure 4 ). Since the Pr value was less than 0.05, all treatments are statistically significant except the control-0% contamination-for this group (Table 4 ).
BTEX Volatile Organic Compounds
Since the oil proved to cause higher mortality in the nymph and adult studies and lower hatch rate in the cricket egg study, the scientist wanted to then find out what could possibly have caused cricket death. After testing the sediment substrate for BTEX volatile organic compounds, these compounds were found to be present and in higher quantities in higher concentrations of oil contamination. The compound found with the highest quantities was xylene. Some error bars may be hidden by the data point, but the quantities of benzene and ethylbenzene were similar at two data points at which they were touching. These were 4% and 7% ( Figure 5 ).
Discussion
Egg Acheta domesticus
The oiled egg study showed that cricket egg germination or hatch rate is greatly affected by oil spill events. The hatchlings would be the best option for replenishing the population of crickets after loss of adult and nymph life. However, the average hatch rate for the 10% oil contamination group was 0% of the planted cricket eggs; the 5% oil contamination group was statistically similar (Figure 1 ). If 5% or more of the volume of sediment of a marsh area or island is contaminated by oil, it is likely that scientists would have to reintroduce crickets into the environment after some attempt of remediation.
Two-Week-Old Acheta domesticus
Overall, the average survival of the two-week-old crickets was higher than the adult crickets' survival but lower than the four-week-old crickets' survival. This seems to suggest that younger nymphs are more susceptible to oil's harmful effects. Although many two-week-old crickets lack ovipositors which affects their ability to reproduce, the older nymphs and adults can reproduce [4] . If crickets cannot reach the older nymph and adult stages after oil contamination, the population will begin to approach zero since there are no eggs being produced.
Four-Week-Old Acheta domesticus
The four-week-old crickets had the lowest mortality and suspected highest survivability. The scientist theorizes that this because these older nymphs are young enough to fight the effects of oil contamination while old enough to have the needed anatomical developments to do so.
Six-Week-Old Acheta domesticus
The oiled adult crickets lost over 50% of their population by day three. This is the highest average mortality recorded in the three studies that recorded mortality. As crickets at this stage are the most able to reproduce, the high mortality suggests little expected sustainability of the population. In fact, when looking at the adult and two-week-old mortality in conjunction with low average oiled hatch rate, the cricket population would be most likely to recover after oil contamination if crickets were reintroduced, and the plant matter they eat is unaffected by the oil contamination.
BTEX Volatile Organic Compounds
BTEX is suspected to be a cause of death for crickets, and this is supported by previous research. The presence of BTEX in the sediment substrate samples provides a basis for future research on oil-related insect death; specifically, which BTEX compound is more dangerous to insects compared to the others.
Conclusions
Previous research on this topic did not address multiple stages of the life cycle of a specific species. Often, scientists focused on varying the species of contaminated insects studied. Although this provides useful information, observing the effects of contamination on an entire life cycle can help scientists discuss the viability and sustainability of an affected ecosystem.
This study provides evidence for the harmful effects of oil contamination on one species at different stages of its lifecycle and underlines the importance of studying insects after oil spill events. Through this, one can observe that contamination can affect organisms of the same species in the same environment differently depending on the stage of the life cycle of the organism. This research provides a biological model for the impact of oil spill events on an insect population and, in turn the food web, as insects are the main food source for many animals. In addition, BTEX monitoring of contaminated sediment can provide
